Abstract Pain-related fear has been associated with avoidance behavior and increased risk for chronic low back pain; however, few studies have examined how pain-related fear relates specifically to motion of the spine following an acute episode of back pain. Thirty-six participants with a recent episode of low back pain were recruited from the general population using a combination of fliers and radio advertisements. To explore the natural recovery from low back pain we recruited individuals who were not seeking medical care. Participants performed a forward bending task at 3, 6, and 12 weeks following onset of low back pain. Three-dimensional joint motions of the spine and hip were recorded using an electromagnetic tracking device. Initial assessments of low back pain and pain-related fear were then correlated with joint excursions observed during each forward bending. Lumbar motion was inversely related to pain-related fear, but not low back pain, at all three testing sessions. In contrast, hip motion was inversely related to pain at all three testing sessions but was not related to fear. These findings suggest that pain-related fear results in avoidance behavior that specifically limits or restricts motion of the lumbar spine.
Introduction
Physical examination of low back pain includes the evaluation of trunk range of motion, typically using a trunk flexion task in which the patient bends forward as far as possible with the knees extended and then returns to an upright posture. The examiner observes the relative excursions of the spine and hip while noting any change in symptoms [29] . Although this procedure is a part of the clinical assessment of disability determination, it has not been shown to be closely related to function [23] .
Whereas there is evidence that lumbar range of motion is reduced in patients with sub-acute and chronic low back pain [9, 18, 25, 31, 36, 42] , range of motion has been an unpredictable correlate of disability. For example, Parks and colleagues reported no relationship between lumbar motion and functional test scores in chronic back pain [23] , Poitras et al. [24] reported weak positive associations between lumbar range of motion and disability in sub-acute and chronic back pain, and Simmonds and colleagues [31] found that lumbar flexion was inversely related to disability in chronic back pain patients. An important individual difference factor that may help clarify these inconsistent findings is pain-related fear.
According to the fear-avoidance model of low back pain [3, 39] , individuals who perceive pain in a threatening, catastrophic manner (e.g., as a sign of potential tissue damage) are more likely to avoid behaviors that increase their anxiety. Consistent with this model, acute and chronic low back pain patients with high pain-related fear typically show submaximal performance on a variety of physical challenges such as straight leg raise, knee-extension-flexion, trunkextension-flexion, and weight lifting [1, 2, 5, 7, 11, 12, 16, 30, 34, 38, 41] . These findings suggest that performance during forward bend tasks, as measured by thoracic, lumbar and hip excursions, may be influenced by individual differences in pain-related fear. Fritz and colleagues have previously reported significant correlations between measures of fear avoidance behavior and a composite index of physical impairment that included four lumbar range of motion variables (total flexion, extension, average side bending, and average straight leg raise), two measures of muscle strength (sit-up, bilateral straight leg raise), and a measure of spinal tenderness [10, 11] . Further, a recent study by George et al found a negative correlation between fear avoidance beliefs and total lumbar flexion in an acute population of back pain patients [14] . In our own laboratory we have recently demonstrated an inverse relationship between pain-related fear and lumbar motion during target reaching tasks, suggesting that a similar relationship may also be evident in forward bending [37] .
The present study examined the relationship between pain-related fear and forward bending performance in individuals with sub-acute low back pain. Participants were recruited shortly after the onset of an episode of low back pain and were evaluated at 3, 6, and 12 weeks during natural recovery. Our primary aim was to examine the influence of initial levels of pain-related fear on joint motions used to perform forward bending. A second aim was to examine the relationships between fear and joint motions measured at initial testing (i.e., 3 weeks) with subsequent disability at 6 and 12 weeks following onset of low back pain.
Method

Participants
Forty-three participants with sub-acute, self-reported low back pain were recruited from the general population using a combination of fliers and radio advertisements. None of the participants sought medical care for their back pain. Participants were initially tested at 3 weeks (±5 days) following onset of an episode of low back pain. During this initial assessment participants completed a series of questionnaires and completed a forward bending task (see below). Joint motions during a forward bending task were subsequently retested at 6 and 12 weeks to determine if their movement strategies changed over time. Participants were excluded if they had a history of chronic back pain or a prior episode of back pain within the preceding year. Thirty-six participants (23 women and 13 men) completed all three testing sessions and data for these participants will be reported for all analyses. Participant characteristics are presented in Table 1 .
Questionnaires
Tampa scale for kinesiophobia
The Tampa scale for kinesiophobia (TSK) [17] is a 17-item questionnaire that assesses fear of re-injury due to movement. Respondents rate their degree of agreement with each of the 17 statements and these ratings are summed to yield a total score that ranges from 17-68. Higher scores reflect greater fear of re-injury. The TSK has been shown to have acceptable internal consistency (Cronbach's = 0.77), and concurrent validity [7] .
McGill pain questionnaire
The McGill pain questionnaire (MPQ) [21, 22] is one of the most widely used methods of pain evaluation in both clinical and experimental research. The McGill pain questionnaire provides quantitative, multidimensional pain ratings. In addition to a present pain intensity rating (MPQ-PPI), respondents choose adjectives from 20 categories of words that describe pain, and a sum of ranks from each category is used to compute a total pain-rating index (MPQ-PRI). Although separate scores for sensory, affective, and evaluative dimensions of pain can also be derived from this scale, modest alpha coefficients for some of the subscales (i.e., 0.68-0.81), combined with continuing debate over the factor structure, suggest that the pain rating index is the preferred measure of pain experience derived from this scale. Further, the MPQ has also been shown to have good test-retest reliability [15] .
Pain anxiety symptoms scale
The pain anxiety symptoms scale (PASS) [19] is a 40-item measure of pain-related fear that provides both a total score and subscale scores of (1) fearful appraisal of pain, (2) cognitive anxiety, (3) physiological anxiety, and (4) escape and avoidance behavior. For each item respondents McGill pain questionnaire-pain rating index 9.4 6.9
Roland Morris disability questionnaire 7.2 5.9
indicate the degree to which they agree with statements regarding what they think about or do when in pain.
Responses are provided on a 5-point scale, with the anchors of (0) ''never'' and (5) ''always''. The PASS has demonstrated adequate internal consistency, test-retest reliability, and concurrent validity across a variety of clinical pain samples [19, 20, 26] .
Pain catastrophizing scale
The pain catastrophizing scale (PCS) [33] consists of 13 items describing different thoughts and feelings that individuals may experience when they are in pain. Respondents reflect on past painful experiences and then indicate the degree to which they experienced each of 13 thoughts or feelings when experiencing pain, on 5-point scales with the end points (0) ''not at all'' and (4) ''all the time''. The PCS has excellent psychometric properties, including internal consistency (Cronbach's alpha = 0.87), test-retest reliability (r = 0.75 at 6 weeks), and construct validity [32] .
Roland Morris disability questionnaire
The Roland Morris disability questionnaire (RMDQ) [27] consists of 24 statements concerning restriction of daily activities due to back pain, including items related to mobility, self-care and sleep. Items are scored as either 0 (false) or 1 (true), resulting in a range of scores from 0-24 with higher scores representing greater dysfunction. Psychometric properties of reliability and validity are well supported across a range of clinical studies [28] .
Forward bend task
Participants were asked to bend forward as far as possible while keeping their knees extended. They were told to move at a comfortable pace, pause once they have bent as far as possible, and then return to an upright posture.
Data collection
Movements of the trunk and limb segments were recorded using a magnetic based kinematic system that can track the three-dimensional coordinates of sensors with a spatial resolution of 0.03 inch (Ascension TM ). Sensors were attached by Velcro 1 straps to the limb segments (at the midpoint between the joints) of the right and left shank, thigh, arm, and forearm, as well as the thoracic vertebra (T1), lumbar vertebra (L1), and the sacrum. Kinematic data were collected at 100 Hz for a total of 5 s, and data collection began 500 ms prior to the ''go'' signal.
Data reduction and analyses
Motion Monitor software (Innovation Sports, Chicago, IL) was used to derive time series joint angle data of the thoracic spine, lumbar spine, and hip joints using an Euler angle sequence (flexion, rotation, lateral flexion). Thoracic spine motion was defined by the change in orientation of the sensor on T-1 relative to the sensor on L-1. Lumbar spine motion was defined by the change in orientation of the sensor on L-1 relative to the sensor on the sacrum. Hip motion was defined as the change in orientation of the sensor on the sacrum relative to the sensor on the right thigh. Since the motions used to perform these movements were primarily in the sagittal plane, we restricted our analyses to thoracic spine, lumbar spine, and hip flexion angles. The time series joint angle data were first filtered using a fourth order zero lag Butterworth filter with cutoff frequency of 6 Hz. The peak-to-peak changes in joint angles were extracted from the time series data for analyses.
Results
Relationships between psychological measures and motion parameters
Pearson-correlation analyses were conducted to examine the relationships between psychological measures (MPQ, TSK, PASS, and PCS) and motion (thoracic spine, lumbar spine, and hip) evaluated at 3, 6, and 12 weeks following onset of back pain. As seen in Table 2 , there were no significant relationships between the psychological measures and thoracic flexion for any testing session. Kinesiophobia (TSK), pain-related fear (PASS), and pain catastrophizing (PCS) were each associated with less lumbar flexion during a maximum forward bending task at 3 weeks following onset of back pain. Pain-related fear showed the highest correlation to lumbar flexion at each testing session. While lumbar flexion was not significantly related to pain, higher levels of pain were associated with less hip flexion at each follow up interval.
Repeated measures MANOVA high versus low pain-related fear
To further examine group differences in lumbar spine motion during recovery, participants were assigned to either a high or low pain-related fear group based on a median split of PASS scores from the initial testing session. To assure groups balanced by gender, the median split was conducted separately by sex due to differences in PASS scores for women (Mdn = 56) and men (Mdn = 69). A 3-way MANCOVA for repeated measures design was performed with between subject factors of group (high fear, low fear) and sex and a within subject factor of time from onset of back pain (3, 6, 12 weeks). The weekly back pain ratings from the McGill pain questionnaire-pain rating index were included as covariates. Results involving the repeated measures factor were evaluated based on the multivariate Pillai's trace statistic. Results of this 2 group 9 2 sex 9 3 time MANCOVA revealed a significant main effect of group (p \ 0.01, g p 2 = 0.23, observed power = 0.82) and a significant group by time interaction (p \ 0.05, g p 2 = 0.19, observed power = 0.59). As can be seen in Fig. 1 , the group by time interaction reflected a significant increase in lumbar flexion from 3 to 6 weeks in the high fear group (p \ 0.01, g p 2 = 0.23, observed power = 0.89), but no change between 6 and 12 weeks. Conversely, lumbar flexion did not change across the three testing sessions for the low fear group. A direct comparison between groups revealed significantly reduced lumbar flexion in the high versus low fear group at 3 weeks (p \ 0.01, one-tailed, g p 2 = 0.32, observed power = 0.95), 6 weeks (p \ 0.05, one-tailed, g p 2 = 0.14, observed power = 0.57) and 12 weeks (p \ 0.05, one-tailed, g p 2 = 0.09, observed power = 0.39). Figure 2 illustrates the effect of pain-related fear on movement strategy for participants in the low and high pain-related fear groups. This figure suggests that high fear is associated with reduced motion of the lumbar spine, necessitating compensatory adjustments in the joints of the reaching limb and the lower extremities.
Relationships between pain-related fear, lumbar motion and disability Correlational analyses were conducted to examine the relationships between pain-related fear, lumbar motion and disability during recovery (i.e., 3, 6, 12 weeks). As illustrated in Fig. 3 , initial pain-related fear was positively correlated with reported disability at 3, 6, and 12 weeks following onset of back pain. Although initial pain-related fear was negatively correlated with lumbar motion at each testing session (see Table 2 ), initial lumbar motion was only related to disability at 3 weeks following onset of back pain. A partial correlation between lumbar motion and disability, controlling for pain-related fear, was not significant (r = -0.10, p = 0.28).
Discussion
The results of this study provide evidence that performance on the forward bend task, a standard clinical examination procedure, is significantly influenced by fear of pain in men and women with sub-acute low back pain. This relationship was observed across three different standardized measures associated with fear of pain and harm upon movement (i.e., Fig. 1 The effects of group and day on the peak to peak joint excursions of the lumbar spine are depicted PASS, TSK, and PCS), suggesting a robust and potentially important clinical finding. Although pain-related fear has previously been related to submaximal performance on a variety of physical challenges [1, 2, 5, 7, 11, 12, 16, 30, 34, 35, 38, 41] a unique feature of this study is a mapping of this construct to joint movements during performance of a routine assessment procedure for patients with low back pain. Specifically, at each testing session participants with high levels of fear displayed less lumbar flexion during forward bending, even after statistically controlling for pain. Failure to find similar relationships between fear and flexion of the thoracic spine and hip suggests that this is not a generalized tendency to avoid all joint movement but rather a specific restriction of lumbar motion. Interestingly Fig. 2 The effect of fearrelated pain on the maximal excursions of the lumbar spine at each testing session is illustrated. while decreased hip flexion was not related to high levels of fear, it was related to pain at each testing session. Thus, patient performance during forward bending may be influenced by a complex combination of pain and fear, each with independent effects on spine and hip joint motion.
A second noteworthy aspect of the current study is the change in the nature of the relationship between painrelated fear and lumbar motion over time. Participants with low levels of fear had relatively large excursions of the lumbar spine that did not change from 3 to 12 weeks during recovery. While those with high levels of fear displayed increased lumbar flexion between the 3 and 6 week testing sessions, they did not show continued improvement at the 12-week testing session and continue to exhibit less lumbar flexion compared to those with low fear (Fig. 2) . The observed changes in lumbar flexion over time in the high fear group may be due to physical changes related to healing and reduced pain, to decreases in fear resulting from repeated exposure to the forward bend task [8] , and/or to decreases in fear due to repeated exposure to similar movements in everyday life [6, 40] . Nonetheless, persistent differences between the groups at week 12 suggest that fear continues to influence range of motion and possibly recovery. Hence it is important to consider patients' level of fear when interpreting performance on a forward bending task in follow-up examinations.
While the current results provide evidence that painrelated fear influences the lumbar motion during forward bending, they also suggest that lumbar motion measured at 3 weeks is not significantly correlated with disability at 6 and 12 weeks following the onset of low back pain (Fig. 3) . In line with our initial prediction, the current findings suggest that pain-related fear may help clarify why range of motion on the forward bend task has been an inconsistent predictor of disability [23, 24, 31, 36] . Results of the partial correlation analyses demonstrate that the relationship between performance on the forward bend task and disability is driven by the tendency of people with high fear to restrict motion of the lumbar spine. Our findings indicate that initial levels of pain-related fear are significantly correlated with disability up to 3 months following the onset of low back pain, which is consistent with the existing evidence that fear avoidance behavior is a potent predictor of future disability and risk for chronic pain [4, 6, 7, 10, 11, 13, 41] .
Although our sample was sufficient to detect significant relationships between fear and disability, it should be noted that larger and more diverse back pain samples are needed to more fully explore the relationships between pain-related fear, restriction of movement, and individual differences in recovery. These relationships may differ as a function of a variety of factors, such as age, sex, and number of prior episodes of back pain, and therefore further research is needed that considers these potential moderating factors. Future studies would also benefit by examining these relationships in other movement paradigms as forward bending may be perceived as particularly threatening to those with fear of pain and reinjury, and hence performance on this task may reveal more about avoidance due to fear rather than actual range of motion. In response to this potential limitation we have been conducting assessments of movement strategies adopted by acute and chronic low back pain patients during the performance of natural reaching tasks [37] . Finally, future studies need to examine if differences in pain-related fear influence lumbar excursions in a sample of individuals with no history of low back pain.
What implications do these findings have for clinical practice? The forward bend task, a standard procedure in clinical examination of the spine, is a composite motion that requires coordination of the hips, lumbar spine and thoracic spine. The relative contribution of these joints in this movement task is often used to help make clinical judgments regarding potential physiologic mechanisms underlying the patients' low back pain (e.g., shortened muscles) [29] . However, our data suggest that performance on this task is influenced by a combination of pain and fear, each with independent effects on spine and hip joint motions. Thus clinicians should consider the potential role of psychological mechanisms (e.g., fear of pain and harm) when interpreting patient performance on this task.
